Abstract. The objective this research was to investigate the effect of urea addition on the biogas yield from co-digestion of rice straw and cow dung using semi-continuous anaerobic digester. The experiment was conducted by using self-made semi-continuous anaerobic digester having a working volume of 30 L. Cow dung was provided from Department of Animal Husbandry, University of Lampung; while rice straw was collected from farmer at Way Galih, Tanjung Bintang, South Lampung. Rice straw was sun-dried to about 12% of moisture content and then ground into fine particles. Cow dung and ground straw were mixed at a dung-to-straw ratio of 3:1 based on total solid (TS) and four different urea additions (0, 0.25, 0.65, and 1.30 g/L) were applied to have a C/N ratio between 20 and 30. The mixture was diluted with water to create TS content of 10%. As much as 30 L of the substrate mixture was introduced into the digester as a starting load. The same substrate was added daily at a loading rate of 0.5 L/d. The experiment was made in triplicate and observation was performed for two months. Total and volatile solids of influent and effluent and daily biogas production were observed. The biogas quality was measured by its methane content using gas chromatography. Results showed that urea addition influenced the biogas yield and its quality. Substrate mixture with urea addition of 0.25 g/L (C/N ratio of 27.3) was the best in terms of biogas yield (434.2 L/kgVSr), methane content (50.12%), and methane yield (217.6 L/kgVSr).
Introduction
Biogas is produced through anaerobic digestion process of organic substances. The biogas is mainly composed of CH4 (45-70%) and CO2 (30-45%) and traces of H2, water vapor (H2O), ammonia (NH3), and hydrogen sulfide (H2S) [1, 2] . Biogas can be used to fuel several applications, from cooking stove to generating electricity. Biogas technology is now an ecologically sound option to reduce environmental burden by decomposing organic material and producing not only energy but also good quality organic fertilizer [3, 4] . Application of small biogas digester provides economic and environmental benefits to the society [5] . Biogas is one of renewable fuel that can be an important source of Indonesia's energy in the near future. This is accentuated by a fact that Indonesia is bestowed with enormous biomass both fresh matters and as wastes from agro-industrial processing. During biogas process, which is carried out under anaerobic conditions, volatile solids are decomposed and converted into methane and carbon dioxide.
Rice straw can be a promising substrate for biogas production. Straw is produced during paddy harvesting. In the past time, when paddy was harvested manually simple cutter and then sickle, straw cut at their bottom and then combined by using fiber resin and let to dry for 24 hours. A hole was made on the digester to deliver biogas into a storage balloon trough a plastic tube. The tube was facilitated with a stop valve to close the piping for biogas volume measurement and biogas sampling.
Figure 1.
A self-designed semi-continuous digester prepared for the experiment
Substrate Preparation
Fresh cow dung, taken from the Department of Animal Husbandry, the University of Lampung, was used as a microbial seed source. Rice straw (figure 2) was of Ciherang variety and was collected from farmer field in Way Galih, Tanjung Bintang, Regency of South Lampung. Straw was sundried until its moisture content is about 12% (wet basis). The dried straw was chopped and ground to fine particles. Biomass size reduction is important to enhance biogas production [20] . Samples of straw and cow dung were analyzed for total solids (TS), volatile solids (VS), and carbon (C) and nitrogen (N) contents. Table 1 shows characteristics of each substrate. Urea granule with a nitrogen content of 46% was purchased from a local supplier and was used as external nitrogen source. Initially, fine straw and cow dung were thoroughly mixed. Rice straw has so high C:N ratio that external nitrogen such as urea is required [22] . For this experiment, we prepared four level of urea addition, namely 0 (P1), 0.25 g/L (P2), 0.65 g/L (P3), and 1.3 g/L (P4). Table 2 shows substrate compositions along with their TS, VS, and C/N ratios. The experiment was conducted with three replications and 12 digesters were prepared. In order to evaluate the digester efficiency, the destroyed or removed VS (VSr) was calculated using equation developed by Koch [23] :
Analysis and Calculations
where VSin and VSout refer to VS of fresh substrate (input) and spent substrate (output), respectively.
Carbon and nitrogen contents of each substrate were measured using element analyzer (Elementar Vario EL Cube, Germany). Carbon to nitrogen (C:N) ratio of the mixture is calculated using equation (4):
where m is dry mass and subscripts c and s denote for cow dung and rice straw, respectively.
To evaluate process condition, temperature and pH of the substrate during the experiment were also checked daily. The temperature was monitored using a thermocouple inserted into the digester. The thermocouple tip was positioned around the center of digester as seen in figure 1 . pH values were determined using pH meter (PHMETER, PH_009(I), China). The pH of fresh substrate was measured before its loading into the digester, while pH of spent substrate was measured just after it exits from the outlet of the digester.
Biogas production was determined using simple water displacement method. Initially biogas quality was simply observed daily by burning the biogas in a simple burner. If the biogas can be burnt it means that biogas contains enough methane. Around two weeks since the biogas can be burnt for the first time, the biogas is assumed to have a stable composition. At this time, the biogas was sampled using sampling bag to be analyzed its composition. The analysis was performed using gas chromatograph (Shimadzu GC 2014, Japan) with thermal conductivity detector (TCD), 4-m length of shin-carbon column, and Helium gas as carrier gas with flow rate 40 ml/min. Biogas yield (BY) was calculated from biogas production (BP) and VSr : Table 3 showed results from ANOVA test for some parameters to evaluate digester performance, including average pH, average temperature, total biogas yield, average daily biogas yield, and day at which biogas can be burnt for the first time. The explanation for each variable is incorporated in the following discussion. Note: *) numbers followed by the same letter in the same column is not significantly different at α = 5% **) day at which the biogas can be burnt for the first time. significantly lower than that of actual field practices. The addition of rice straw could be responsible for this low degradation of organic matter. Therefore, other pretreatments should be applied to the straw prior to use for biogas substrate. Figure 6 presents daily biogas production resulted from different treatments. During the first week, the digesters showed decreasing trend of biogas production. Initially, gas was produced from respiration of the substrates due to the existence of air filling void space in the digester. Starting day 6 th digester with 0.65 g/L urea addition showed increase in biogas production; while other treatments practically start to increase by day 9 Table 3 also confirms that amount of urea addition affects biogas quality. Initially biogas is not able to be combusted for all treatments, indicating that biogas quality is still very poor (low methane content). Slowly, the quality increases and eventually the biogas containing high enough methane so that it can be burnt. The day at which biogas can be burnt for the first time is significantly affected by amount of urea addition with P2 treatment shows the fastest (day 15) followed by P3 (day 18), P1 (day 23), and P4 (day 31). Table 4 
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Cumulative biogas production from different treatments. Table 5 
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